Abstract-A special kind of active FSS element incorporating switched PIN diodes is simulated. There are two different geometries; each one is related to a different on-off state of diode switches. Both geometries, square loop and four-legged loaded element, are excited by a uniform plane wave which its angle of incidence is adjustable. The transmission characteristic is identified easily without complex resonances obscuring the results.
INTRODUCTION
Frequency selective surfaces (FSSs) are periodic structures that can provide frequency filtering to incoming electromagnetic waves [1] . Frequency-selective surfaces have found many applications in antenna systems. These include multibanding reflector antennas and providing frequency windows in radomes. Many element geometries have been studied ranging from dipoles and Jerusalem crosses to square and circular loops [2] .
Moreover, the capabilities of the FSS have been extended by the addition of active devices embedded in the unit cell of the periodic structures. Such structures are also called active grid arrays [1] . An active frequency selective surface is capable of changing its frequency transmission response from a resonating or reflecting structure, to one which is virtually transparent except for a small insertion loss [3] . This change in response, which is electronically controlled [4] , could find applications in areas including RCS reduction, reconfigurable reflector systems and active waveguide horns [5] .
In this paper, we present a kind of active FSS elements incorporating switched PIN diodes. The fundamental design principle was to create FSS elements whose geometry changed significantly on switching the diodes on and off; hence there would be a significant difference in the frequency response. As shown in Fig. 1 , the L-sections are connected using PIN diodes in two different cases: First, the geometry is a square loop; and second, the state in which the geometry becomes a fourlegged loaded element. Square loop geometry is commonly employed as FSS element. It has a simple frequency response consisting of a transmission band followed by a reflection band at which the elements resonate. This allows the transmission characteristics to easily be identified without complex resonances obscuring the results.
Ansoft HFSS (High Frequency Structure Simulator) is an interactive software package for calculating the electromagnetic behavior of a structure. HFSS uses Finite Element Method (FEM) to compute solutions. It allows for the computation of the basic electromagnetic field quantities, S-parameters, and resonance of a structure. In this paper, HFSS was used to model various FSSs.
ACTIVE FSS WITH SQUARE LOOP/FOUR-LEGGED LOADED ELEMENTS
In the model proposed here, PIN diodes placed in the structure could be used to switch the basic geometry of the elements and fundamentally change the frequency characteristics. The diodes are connected into the arms so that their axes are parallel to the incident electric field vector. Thin diode bias lines are introduced which are perpendicular to the electric field. Inserting the diodes as mentioned has the property of reducing the overall equivalent capacitance of the structure as discussed in [3] . When the diodes are forward biased they form a low resistance path and the sides are connected together and with the reverse biased case they act essentially as an open circuit between the L-sections. So by biasing various proper groups of diodes, the surface looks like an infinite array of elements which has its own resonance frequency.
Square loops have a simple frequency response consisting of a transmission band followed by a reflection band at which the elements resonate. This allows the transmission characteristics to easily be identified without complex resonances obscuring the results. Another possible geometry is four-legged loaded loop element which its development is quite instructive. Such as other loaded elements, one of the most important features of this element is the ability to control bandwidth by modification of the load impedance.
Because of periodicity inherent in the geometry, only the fields in the "unit cell" are unique and need to be determined the edges of the unit cell. In Ansoft Designer, an infinite array represents a part of model geometry (unit cell) that repeats itself infinitely. When exciting the array with a plane wave, the structure will act as a frequency-selective surface (FSS), or a filter receiving the excitation.Geometries such as square loops are commonly employed as FSS elements. Fig. 2 shows the basic geometry and dimensions of the square loop element. The dimensions of the surface were approximately d = 7.0 mm, w = 1 mm and g = 3.2 mm and the elements were printed on the RT Duroid substrate 0.25 thick with ε r = 2.33. It was excited by a uniform plane wave for two different angles of incidence: first normal incidence (θ = 0 • ) and then oblique one (θ = 45 • ). The simulation had a frequency range from 8 to 18 Giga-Hertz. Fig. 3 and Fig. 4 demonstrate the reflectivity and transmission response for the active square loop array, respectively. Responses are in agree with results in [3] . For the four-legged loaded element everything is the same and just frequency range has changed (from 0 to 10 GHz). The frequency responses of this active FSS array are shown in Figs. 5 and 6. The four legged loop FSS modeled is one whose frequency response is published in Munk [2] . 
FIGURES

CONCLUSIONS
The operation of active FSS whose reflectivity can be tuned and switched electronically as a function of time have been demonstrated. It has been shown that active devices placed in FSS elements fundamentally change the geometry and frequency response of the arrays. It has also been shown that HFSS can be used to model infinite frequency selective surfaces. As final results show, square loop element is convenient for higher frequencies and four-legged loaded for lower ones. Therefore, desired frequency response is achievable by switching proper diodes.
